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Seed coat morphology of Smilacaceae and its systematic 
significance 
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‘(College of Life Science and Technology, Tongji University, Shanghai 200092, China) 
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Abstract Macromorphology of seeds and micromorphology of the seed-coat in 53 species 
and 5 varieties belonging to three genera (Smilax, Heterosmilax and Ripogonum) of 
Smilacaceae were observed under the light microscope and the scanning electron microscope 
(SEM). The seeds are spheroidal, hemispheroidal or trigonal-oblate in shape. Under SEM 
high diversity was found in seed-coat micromorphology. Based on ornamentation of 
epidermal cells of the seed-coat, seven morphological types can be distinguished, viz., 
roughly rugulate, rugulate, reticulate, fine reticulate, foveolate, dense foveolate, and fine 
striate. Discriptions of seed size, shape and seed-coat types are summarized for the family. 
Taxonomic and phylogenetic implications of the seed-coat micromorphology are also 
discussed, in relation to the circumscription of traditional genera and sections of the family. 
Evidence from seed-coat micromorphological features supports placement of Ripogonum 
outside Smilacaceae and inclusion of Heterosmilax in Smilax, which are also consistent with 
palynological and molecular evidence. Within Smilax, seed-coat micromorphological features 
suggest close relationships between most of the species of sect. China and sect. Macranthae, 
and among sect. Coprosmanthus, sect. Coilanthus, and Heterosmilax. However, we found no 
support for the recognition of Koyama's six proposed sections of Smilax. 

Key words Smilax, Heterosmilax, Ripogonum, micromorphology, SEM, taxonomy. 
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LU U uu 
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[] [] [] פיפ‎ O0 00000000000000, OOOO O Smilax LO 
O00 TU Heterosmilax Kunth] Ripogonum J. R. Forst. & G. Forst[] OO, O O 3700 
(Heywood, 1993), סםםם .םםםםםהםםהםהםהםםםהםםהםטםםםםםםההה‎ 
סםם.םםםםםםםםםםםם םהםםםםםהםםםםם םםםםםם‎ 
םםםם‎ 0000000000 O0 0 0 990 000000000 

בםםםםםםהםםהםהםטטטםםםםםםםםם .000000600 .000 
000000000 .0000 מקאםםםםםםםםםםםםםםםםםם 

Conran(1985, 1987)JOOOOOOOOOOOOOOOOOOOOOOOOOO 
םםםסשםםםטםםםםםםטםםםםםהםםהםםםםםםםםםםםםםם‎ 1 
1993, 1995; Fu et al., 2005; [] [] [] [] , 2006; Cameron & Fu, 2006; Chen et al., 2006)[] 
םםםםםםםםםםםםםםםהםםםםםםם הםםהםםםםםםםםםםם‎ 
(Hooker 6 Thomson, 1860), ההההםהםהםהםהםהםהםהםהםהםםהה ה‎ 3. 
O D 0 ם‎ [ Serophulariaceae[] [] O O Veronica L. (Martinez-Ortega & Rico, 2001)Q  ך‎ 
Caryophyllaceae (Yildiz, 2002)[] [] [] [] [] Brassicaceae(Abdel Khalik & Van der Mae 
2002)[]Hyacinthaceae[] Massonieae[] (Pfosser et al., 2003)[] O O O O Balsaminaceae [] O O 
[] Impatiens L.(Song et al., 2005] 00. 000000000000000 HT 7I 7I OI 
בםםםםםםםםם הםםםםטםםהםםטםטםנסםםטםםםםםםםםנםם‎ 
בםםםםםםםםםםםם םםםםםםםםםםםםםםםם םםםםםםם‎ 
בםםםםםםםהםםםםםםםם‎ 
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פםםםםםםםםםםםםםםםםםם הםםםהםםאסא םםםםם 
Uu‏ נש NDN DD DD DD DD DO‏ םםםםםםםם 
OD‏ המהההםהםהםםםםםםםםםםםםםםם 
B0. 00000000000000‏ הה D sect. Pleiosmilax (Seem) A. DC[]‏ 
UOUDDUDIDUDUDDUUUDDUDDUDUU‏ םםםםםםםםםם.םם 
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UODOUOUUOU.U00 20% NACIOQHUOOUUOUOUOUUUUUUOUCUL. 
גםםםםםםםםםםםםםםםםםםטםםםםםםםםםםםםםם‎ 
סיםםםםםםםםהםםםההםהם הםםםםםםהםםםםםםםםם‎ 
מםםם:םםםםםםםםםםטםבםםםםטםםםםםםםםטםםםםםם‎ 
םםםםםם םםם*ם>םםםם :םםםםםםםםםםםםםםםםםם‎ 
סמםםםםםםםםםםםםםםםםםשםםםםםםםםםםםםהםםם‎ 























םם.םםםםםםםםםםםםםםהםםםםהםםהםםהםההההאפלושטא ][ 
מםםםםםהםםםהםםטהםםםםהםםטםהםםהםםטםםםם .0000000 
Anderberg(1994)[]‏ 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































54 ם ם ם ם ם‎ I 451 
01 DU [] 00 00000 
Table1 The morphological characters of seeds in Smilacaceae and source of materials 
D D [] 
Taxon Locality Voucher Shape of seed 
[] OOO o OOO (C. X. Fu) UD 
Ripogonum discolor F. Muell. Sydney, Australia 98020 (HZU) subspheroidal 
000 םםםם‎ [] (C. X. Fu) [] 
H. yunnanensis Gagnep. Mt. Emeishan, Sichuan, China 88322 (HZU) subspheroidal 
[] םםםםםהם‎ [] (H. T. Tsai) Od 
H. japonica Kunth Pingbian, Yunnan, China 60973 (PE) subspheroidal 
OOO 0000 [] , (C. OO 
H. chinensis Wang Longjin, Guangxi, China T. Ting & J. X. spheroidal 
Wang) 303515 (PE) 
[] םםםםם םםםהם‎ [] (Z. Y. Cao) OO 
Smilax nipponica Miq. Without precise locality, Guizhou, China 1183 (PE) subspheroidal 
[] N00 [] (C. X. Fu) [] 
S. riparia A. DC. Osaka, Japan 961001 (HZU) subspheroidal 
D 000-00 00 [] (H. J. Li) DO 
S. riparia var. acuminata (C. H. Without precise locality, Hubei, China 5654 (PE) subspheroidal 
Wright) F. T. Wang & T. Tang 
S. herbacea L. ם.‎ 00 oog n00 
Without precise locality, USA Anonymous subspheroidal 
0 00.00 Oo [] (M. B. OO 
S. sieboldii Miq. Without precise locality, Zhejiang, China Deng) 3914 (PE) spheroidal 
OO N0000 [] (C. X. Fu) DB 
S. scobinicaulis C. H. Wright Mt. Emeishan, Sichuan, China 92051 (HZU) subspheroidal 
DU םם.םםם‎ 00 [][] (T. Chen) [] 
S. davidiana A. DC. Without precise locality, Zhejiang, China 3084 (PE) subspheroidal 
םםםםה‎ [] (C. W. DO 
S. china L. Pingbian, Yunnan, China Wang) 88478 (PE); subspheroidal 
[ Pusan, Korea [] (C. X. Fu) 
96051 (HZU) 
OO םםםם.‎ [] [] 
S. biflora Siebold ex Miq. Without precise locality, Japan Anonymous spheroidal 
Od 0000.00 UU [] (K. C. Kuan) N00 
S. trinervula Miq. Without precise locality, Jiangxi, China 77058 (PE) subspheroidal 
OO OOOO [] (C. X. Fu) [] 
S. ferox Wall. ex Kunth Mt. Jinfoshan, Sichuan, China 92010 (HZU) subspheroidal 
Od םם.םםםם‎ Od [] (C. W. (UI 
S. chingii Wang & Tang Without precise locality, Yunnan, China Wang) 66983 (PE) subspheroidal 
OO 000-00 DO [] (S. H. Chun) OO 
S. polycolea Warb. Without precise locality, Guangxi, China 14559 (PE) subspheroidal 
[] Ug. UI [] [] [] (Y. Liu) 530 OO 
S. outanscianensis Pamp. Without precise locality, Hubei, China (PE) subspheroidal 
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Od xO x0) (1 DU [] 
Size (Lx Wx T) Micromorphological features of seed coat Figure 
(um) 
6.0-8.0X 5.8-7.6 [] [] DUDU, O ו‎ 14 
x 6.2-8.3 Seed-coat sculpture roughly rugulate, colpi deeply narrow in shape, muri with irregular 
ripple. 
3.5-5.4X 3.5-5.2 םםםם םם.םםםםם םםםם הםםםםםהם‎ 
X 4.0-6.2 Seed-coat sculpture rugulate, colpi shallow in shape, muri with smooth surface and 
without borderline of epidermal cell. 
38-55%43-66 חתההה מעסההה .0000 הההה הההה‎ 2,5 
X 3.5-5.8 Seed-coat sculpture rugulate, colpi relatively deep in shape, muri ca. 60 um wide and with 
smooth surface. 
3.9-6.0X4.0-5.8 עס ההה הההה הההההההה‎ O00000 
X 4.2-6.6 Seed-coat sculpture rugulate, colpi relatively deep in shape, muri ca. 60 um wide with 
variational height. 
2.853x2.5-48 00000000. 0000.000000 
x 2.8-4.9 Seed-coat sculpture rugulate, colpi narrow in shape, muri with smooth surface. 
2.5-42x24-45 00000000., 0000.0 [] 3,6 
x 2.44.2 Seed-coat sculpture rugulate, colpi narrow in shape, muri with smooth surface. 
א38-60‎ 3962 00000000. 000.00000 
< 4 5600-0081 sculpture rugulate, colpi shallow in shape, muri with smooth surface. 
2.6-4.8X 2.2-3.5 םםםםםם םםםם םםםםםם הםםםםםםםה‎ 
X 2.0-4.2 Seed-coat sculpture fine reticulate, muri vertically and horizontally interlaced, lumina 
relatively shallow and nearly quadrate or round in shape. 
3.9-5.4x 3.8-5.5 00000000. םםםםם םםםםםםםםםם םםם םםםםם‎ 
< 7 5600-0081 sculpture reticulate, muri with smooth surface, lumina nearly round in shape, 
joint of epidermal cell slightly projecting with borderline. 
46-63x4467 ה םם.םםםםםםםםםם םםם םםםםם הםםםםםםהה‎ 
< 5 5600-0081 sculpture reticulate, muri with smooth surface, lumina nearly round in shape, 
joint of epidermal cell slightly projecting with borderline. 
3.0-5.2X 3.0-5.1 הםההםההבההה ההה ההההה .ה הההההה‎ 
< 4 5600-6081 sculpture reticulate, lumina relatively broad and shallow, and nearly rhombic 
with fine parallel stripes on surface. 
3.4-5.3x 3.5-5.0 00000000. 00 0, 000,0000 000 7,10 
x 3.5-5.5 Seed-coat sculpture reticulate, lumina relatively broad and shallow, and nearly rhombic 
with fine parallel stripes on surface 
3254x3755. 00000000. 00000, מםםם;םםםםםםםם.ה‎ 8, 11 
X3.5-5.5 Seed-coat sculpture reticulate, lumina relatively shallow and broad, and nearly quadrate 
with fine parallel stripes on surface, muri narrow 
3.5-5.0x 3.5-5.2 00000000. 00000, חחתה:הההההההה ההה‎ 9,12 
< 4 5600-0081 sculpture reticulate, lumina relatively shallow and broad, and nearly quadrate 
with fine parallel stripes on surface, muri narrow. 
4.2-6.5x 4.5-6.3 OHOOOO00.000.00000,0000.0000000000 
x 4.8—6.6 Seed-coat sculpture reticulate, muri narrow, lumina relatively shallow and broad with 
smooth surface, epidermal cell with pronounced borderline. 
31-54x32-55 םםםםםם םתםםםםם םםםם םםםםם םםם םםםםםםםם‎ 
x 3.2-5.5 ood 
Seed-coat sculpture reticulate, muri narrow, lumina relatively shallow and broad with fine 
parallel stripe on smooth surface, epidermal cell with pronounced borderline. 
2.5-4.6x 2.6-5.0 םםםםםםםםם .0.000 םם.םםם הםםםםםםםה‎ 13, 16 
X 3.64.7 Seed-coat sculpture reticulate, muri narrow, lumina relatively broad and polygonal in 
shape with fine parallel stripes on surface. 
4.0-62x3.8-63 OO P000. 000.00000.000. 00000 0.000 


X 3.8-6.5 


























































































































Seed-coat sculpture reticulate, muri narrow, lumina relatively shallow and broad, and 
polygonal in shape with fine parallel stripes on surface, epidermal cell with pronounced 
borderline. 






























































































































































































































































56 ם ם‎ UU ם‎ I 451 
O1) Fale וו‎ 
ו‎ O [ o 
Taxon Locality Voucher Shape of seed 
O O ם.‎ O K. M. Lion 4866 (PE) [] 
S. discotis Warb. Without precise locality, Henan, spheroidal 
China 
OO DD [] (S. C. Chen) 0304023 oo 
S. glauco-china Warb. Guilin, Guangxi, China (HZU) subspheroidal 
O O ם.‎ 000 [] (S. C. Chen) 02023 (PE) o 
S. nigrescens Wang & Tang Without precise locality, spheroidal 
ex P. Y.Li Sichuan, China 
ü O O [] (T. T. Yu) 11317 (PE) ה‎ 
S. stans Maxim. Mt. Cangshan, Yunnan, China subspheroidal 
ם. 0 ו‎ 000 (Q. Li) 71114 (PE) 
S. trachypoda Norton Without precise locality, subspheroidal 
Shaanxi, China 
ו‎ [] [] [] [] [] [] (K. C. Kuan) 2756 (PE) [] 
S. cyclophylla Warb. Mt. Emeishan, Sichuan, China ellipsoid 
[] OO [] [] (B. Y. Qiu) 53633 (PE) o 
S. menispermoidea A. DC. Pingbian, Yunnan, China subspheroidal 
[] [] [] [] [] [] [] (K. H. Shing) 937 (PE) [] 
S. tsinchengshanensis Wang Mt. Qingchengshan, Sichuan, spheroidal 
China 
[] [] [] Longzhou, DOO (€. X. Fu) 91082 (HZU) [] 
S. corbularia Kunth Guangxi, China spheroidal 
[] OHoOo00.0 O [] O (P. C. Tsoong) 268 (PE) [] 
S. hypoglauca Benth. Without precise locality, Fujian, spheroidal 
China 
ם. חח ו‎ ü [] [] (Taipei Empire [] 
S. hayatae T. Koyama Without precise locality, University) 19308 (PE) subspheroidal 
Taiwan, China 
0 OO ה‎ (L. Deng) 1958, 1 o 
S. aberrans Gagnep. Xin Xian, Guangdong, China (PE) subspheroidal 
[] [] ם.‎ O [] (K. Y. Lang) 870 (PE) i 
S. darrisii Lévl. Without precise locality, subspheroidal 
Sichuan, China 
[] [] O [] (B. Y. Qiu) 51739 (PE) [] 
S. mairei Lévl. Mt. Xishan, Yunnan, China spheroidal 
[] [] ה ם.‎ [] (P. C. Tsoong) 3999 [] 
S. microphylla C. H. Wright. Without precise locality, (PE) spheroidal 
Shaanxi, China 
[] [] O [] (C. W. Wang) 87158 [] 
S. glabra Roxb. Malipo, Yunnan, China (PE) subspheroidal 
00 [] O Longsheng, [] (C. X. Fu) 91041 (HZU) 100 























S. myrtillus A. DC. 

































































































































































































































































































































































































































































Guangxi, China 




























































































































































































subspheroidal 
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(UO xO xO) OOdO.00000 
Size (LX WX T) Micromorphological features of seed coat Figure 
(um) 
3.5-5.4X 4.0-5.6 [] 0 , 0 םם.‎ , , DO. 0 
x 4.0-5.5 [] 
Seed-coat sculpture reticulate, muri slightly raised, lumina relatively shallow and broad, 
and nearly polygonal in shape with smooth surface, epidermal cell with pronounced 
borderline. 
3.8-5.4x 3.8-5.5 OO uuu. 0.0 00.0 .00 000.000 14,17 
X 3.8-5.8 I1 B U 
Seed-coat sculpture reticulate, muri narrow, lumina relatively shallow and broad, and 
polygonal in shape with fine parallel stripes on surface, epidermal cell with pronounced 
borderline. 
3.7-5.5X 3.7-5.5 [] [] .ה‎ O 
< 7 9600-0081 sculpture rugulate, muri with smooth surface. 
4.0-6.2x 3.5-6.0 HOOOO00.000 DD. , 0 
X 3.5-6.4 Seed-coat sculpture foveolate, with fine parallel stripes on surface, foveola rounded and 
relatively small, epidermal cell with pronounced borderline. 
3.5-6.0X 3.5-6.1 "n םםם.םםם.םD‎ OO. םם.‎ 0 , DD 
X 3.4-5.9 חח‎ [] 
Seed-coat sculpture reticulate, muri narrow, lumina relatively shallow and broad, and 
polygonal in shape with fine parallel stripes on surface, epidermal cell with pronounced 
borderline 
3.8-6.0X 4.1-6.3 [] [] ם.הםםםםםהםהם.ה‎ [] ; 
< 8 9600-0081 sculpture 10601816, with fine parallel stripes on surface, 10/6018 sparse and 
shallow, epidermal cell with pronounced borderline. 
4.0-6.29% 0 [] [] 10. 0000.0 [] 
x 4.0-6.5 Seed-coat sculpture fine reticulate, muri relatively narrow, lumina relatively shallow and 
quadrate or polygonal in shape. 
3.8-5.7 X 3.8-5.8 Og [] 0. 0000,00 5 [] 40 unl 15,18 
x 3.8-6.1 Seed-coat sculpture rugulate, colpi deeply narrow in shape, muri ca. 40 um wide with 
smooth surface. 
4.5-6.1X 4.6-6.0 [] [] 0. 0000,00 , [] 30 um[] 
< 9 9606-0081 sculpture rugulate, colpi deeply narrow in shape, muri ca. 30 um wide with 
smooth surface. 
5.8-6.2X 5.8-6.0 [] [] 0. 0000,00 ג‎ [] 50 um[] 
X 5.8-6.3 Seed-coat sculpture rugulate, colpi deeply narrow in shape, muri ca. 50 um wide with 
smooth surface. 
6.0-7.3 x 5.5-6.8 [] [] 01.00000.0 : [] 19, 22 
< 0 9600-0081 sculpture 10601816, 10/6018 relatively dense and deep, and rounded in shape, 
seed-coat surface smooth. 
6.2-7.5X 7.0-8.0 [] [] 0. 0000,00 [] . [] ג‎ [] 25 um] 20, 23 
x 6.4-7.6 Seed-coat sculpture rugulate, colpi deeply narrow in shape, muri more or less tend to 
parallel, ca. 25 um wide with smooth surface. 
3.5-5.0x 3.2-5.0 ם. ח.םםם. הם.םםםםהםהה‎ 
x 3.2-5.0 Seed-coat sculpture fine reticulate, lumina relatively shallow and nearly quadrate in 
shape, muri narrow, seed-coat surface crimpy. 
3.8-5.5X 3.8-5.6 1 EB B 1.0 ם. וחםם.‎ [] 
x 3.7-5.5 Seed-coat sculpture fine reticulate, lumina relatively shallow and nearly quadrate in 
shape, muri narrow, seed-coat surface crimpy. 
3.0-4.5 X 3.0-5.0 י.םםםםםםםה‎ DO. DUU o 
x 3.0-5.0 Seed-coat sculpture fine reticulate, muri vertically and horizontally interlaced, lumina 
relatively deep and nearly quadrate or polygonal in shape. 
3.0-5.0x 3.0-5.0 [ [ 0.0 „0000.000 
x 3.0-5.2 Seed-coat sculpture foveolate, foveola nearly rounded in shape, and dense and deep, 
seed-coat surface smooth. 
4.0-6.0 X 3.9-5.8 [] ה 5 00.0 ם.םתםה‎ [] 
X 4.0—6.0 Seed-coat sculpture foveolate, foveola nearly rounded in shape, and dense and deep, 


seed-coat surface smooth. 


















































































































































































































































































































































































































































































































































































































































































































































































































































58 ם ם ם ם ם ם‎ 45 [) 
[] 1([] ) Table 1 (continued) 
D D ם‎ [] 
Taxon Locality Voucher Shape of seed 
[] [1 [] O [] (B. Y. Qiu) 52520 (PE) [] 
S. bockii Warb. Pingbian, Yunnan, China subspheroidal 
ו‎ 0000. O [] (K. C. Kuan) 75591 [] 
S. nervo-marginata Hayata Without precise locality, Anhui, (PE) subspheroidal 
China 
[] Od, 0 [] ה‎ [] 
S. nervo- marginata Hayata Without precise locality, Anonymous subspheroidal 
var. liukiuensis (Hay.) F. China 
T. Wang & T. Tang 
[] 1 B UO [] [] ף‎ (C. W. Wang) 71996 Od 
S. lanceifolia Roxb. Pingbian, Yunnan, China (PE) spheroidal 
[] Od. DO N0000 DO 
S. lanceifolia var. Without precise locality, China Anonymous subspheroidal 
impressinervia (Wang & 
Tang) T. Koyama 
S. lanceifolia var. elongata Without precise locality, China Anonymous spheroidal 
(Warb.) Wang & Tang 
O 00000 [] (C. W. Wang) 71996 [] 
S. lanceifolia var. lanceolata Pingbian, Yunnan, China (PE) ellipsoid 
(Norton) T. Koyama 
[] 0000000 [] (C. X. Fu) 88302 (HZU) [] 
S. chapaensis Gagnep. Mt. Qingchengshan, Sichuan, ellipsoid 
China 
[UU חםםהה‎ Wenshan, [] (C. X. Fu) 93043 (HZU) [] 
S. hemsleyana Craib Yunnan, China subspheroidal 
[] [] [] 000 OOO (S.C. Chen)200501032 [] 
S. macrocarpa Bl. Java, Indonesia (HZU) extremely 
peroblate 
[1 E] UI [] [] . ה‎ BU. D D (CF. T. Wang & T. [] 
S. aspericaulis Wall. ex A. Without precise locality, Tang) 1116 (PE) subspheroidal 
DC. Taiwan, China 
[] מםםםםהםה‎ [] (C. X. Fu) 91307 (HZU) [] 
S. cocculoides Warb Mt. Fanjingshan, Guizhou, China ellipsoid 
[] 0000. O [] (C. W. Wang) 85757 [1 O 
S. basilata Wang & Tang Without precise locality, (PE) subspheroidal 
Yunnan, China 
[] 0000. O [] (B. Y. Qiu) 52403 (PE) [] 
S. lunglingensis Wang & Without precise locality, subspheroidal 
Tang Yunnan, China 
[] 0000. O [] (C. X. Fu) 93015 (HZU) [] 
S. planipes Wang & Tang Without precise locality, ellipsoid 
Guizhou, China 
[] חםםםםה‎ [] (C. W. Wang) 85452 OO 
S. densibarbata Wang & Pingbian, Yunnan, China (PE) subspheroidal 
Tang 
[1 EL D] D] OO [] [] (S. C. Chen)20030132 ה‎ [] 





























S. setiramula Wang & Tang 









































Xichou, Yunnan, China 























(HZU) 























semi-spheroidal 
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OOd x0 x0) Od aon 
Size (LX Wx T) Micromorphological features of seed coat Figure 
(um) 
4.8-6.0X 4.1-6.2 [] l0. 0000.0 [] 70 um, [] ה‎ 21,24 
X 4.4—6.0 Seed-coat sculpture rugulate, colpi relatively deep in shape, muri ca. 70 um wide and with 
smooth surface 
4.0-6.29% 8 ו‎ 00.0000. HUDD, [] . O. 000000000 
X 3.4-5.5 Seed-coat sculpture reticulate, muri narrow and dense, and more or less parallel, lumina 
relatively shallow and nearly quadrate in shape, epidermal cell with legible borderline. 
3.5-5.0X 4.0-6.0 [] הה‎ HUDD. ומםםם‎ a .ה‎ 0000000 
< 0 5600-0081 sculpture reticulate, muri narrow and dense, and horizontal and vertical array 
each other, lumina relatively shallow and nearly quadrate in shape, epidermal cell with 
legible borderline. 
4.5-6.5X 4.5-6.0 00000 »>O0U000.00. הםההההה‎ 25, 28 
< 8 5600-0081 sculpture dense 10601810, 10/6018 dense and nearly rounded in shape, seed-coat 
surface crimpy. 
3.0-5.2x 3.0-4.8 [] [] „00000.00; OOO. םםםםםםם‎ 
< 4 5600-0081 sculpture dense foveolate, 10/6018 dense and rounded in shape, seed-coat 
surface smooth with vertically and horizontally interlaced stripes. 
3.5-5.5X 3.5-5.0 [] 00.00000 . DU 80 um, 
x 3.5-5.0 Seed-coat sculpture reticulate, lumina nearly polygonal and relatively shallow, and ca. 80 
um wide, muri with smooth surface. 
3.0-4.5 X 2.8-3.5 [] 00.0000.[0 [] 
x 3.0-5.0 Seed-coat sculpture reticulate, muri relatively broad, lumina irregular in shape. 
6.8-8.0X 7.2-9.0 ה‎ AEN Ae „000. 0040um 0000000 9 
x 6.8-8.2 
Seed-coat sculpture fine reticulate, muri smooth, lumina relatively shallow and nearly 
round in shape, ca. 40 um wide, seed-coat surface crimpy. 
4.5-6.0% 5 ה ו ם. סם.םםםםםםם‎ 
x 4.5-6.5 Seed-coat sculpture reticulate, lumina relatively shallow with fine parallel stripes. 
7.1-9.0 x 8.2-9.5 [] [] »>OOO000000.000 25um, 0000000 31 









































































































































































































































































































































































































































x 2.8-4.5 Seed-coat sculpture fine reticulate, seed-coat surface with fine parallel stripes, space 
between of strips ca. 25 um, epidermal cell with borderline. 
4.5-6.5X 4.2-6.5 [] 00,00 WÉI ה ה‎ 
< 8 5000-0081 sculpture regulate, muri with smooth surface and variational in height. 
4.2-6.5 X 3.0-6.0 [] 10.00 .00.00 0. D E 50 um 34 
X 3.4-5.0 Seed-coat sculpture rugulate, colpi relatively narrow and deep in shape, muri ca. 50 um 
wide and with smooth surface. 
5.2-7.0X 4.8-6.8 [] 000.000.0 , O00 100 um, OOO. 00 y ה‎ 35 
x 4.8-7.0 [] [] 
Seed-coat sculpture reticulate, lumina shallow and polygonal in shape, ca. 100 um wide, 
muri narrow and vertically and horizontally interlaced, epidermal cell with projecting 
borderline. 
2.9—5.5X 2.9-5.6 N000000.0000.0000 םםםם.‎ [] 33 
x 2.85.8 Seed-coat sculpture foveolate, foveola rounded, seed-coat surface smooth with sunken 
borderline of epidermal cell. 
7.0-9.0x 6.5-9.0 HOOOO00.000,0000.0 0. 000.000 000000 
X 6.0-8.2 Seed-coat sculpture reticulate, muri vertically and horizontally interlaced, lumina 
relatively shallow and nearly quadrate, epidermal cell with pronounced borderline. 
5.7-8.0X 5.5-7.8 HOOOO0,.000000.0000.0000000 
X 5.5-7.5 Seed-coat sculpture reticulate, muri vertically and horizontally interlaced, lumina 
relatively shallow and nearly quadrate. 
3.5-5.5X 3.6-5.4 [] D00, 00000000, 000 15 un 32 















































x 3.6-5.8 Seed-coat sculpture fine striate, with fine parallel stripes, space between stripes ca. 15 um. 










































































































































































60 ם ם‎ UU ם‎ I 45 [) 
0 1([] ) Table 1 (continued) 
D D D [] 
Taxon Locality Voucher Shape of seed 

[] [] [] Yangshan, (L. Deng) 1543 (PE) ו‎ 
S. perfoliata Lour. Guangdong, China subspheroidal 

[] 00.00 O (H. T. Tsai) 045478 i 
S. aspera L. Without precise locality, JSBI (PE) spheroidal 

Yunnan, China 
[] [] (C. X. Fu) 91396 (HZU) [] 




























































































































































































S. polycephala Wang & Tang Pingbian, Yunnan, China spheroidal 

S. rotundifolia Bello , ll ה‎ Anonymous [] 
Without precise locality, semi-spheroidal 
America 

S. pumila Walter . ll ה‎ Anonymous [] 
Without precise locality, ellipsoid 
America 

S. australis R. Br. oO. Anonymous [] 
Without precise locality, New semi-spheroidal 


Zealand 


DBuppuupngupng.nuupngaupguppBugupaggg.agaguuu 
םם םם‎ O 23 am) OUU.00 KYKY-1000B]] 0000000000. 00000 


D uu 


DUUDUDU 


2 000 


21 0000000000 


הממםםםטםםםםםםםםםםםםםםם םםםםםםםםםםםם 

סםםמםםם.הההםהההא 8.5x8.5x87‏ םםםםם םםםםםם 
סםם.םםםםם הםהםםםםםםםםהםטיםםה םהה 3.5x 3.6x 3.2 mm‏ 
מםםםםם םה םםםםםםםם הםםםםםטםםםםםםםםםם 
םםםםםםםםםםםםםטםםם םםםםםםםםטםםםםםםםםםם 
מסםםם םםםםםםםםםםםםםםםםםם םםםם .םםםם.םם 
0םםםץ רהה הההםםםםםםםםםםםםםםםם.ם 








22 00000000 


[] 


0000000, 


םםםםםםםםםם 
םםםםםהםםםםם 
םםםםםםםםםם 


DU Uu b 490 


85 mm, [JIIUDUDUOUU 





D uu 


























םםםםםםםםםם 

















םםםםםםםםםם :םהל םםםםםםם DUU.‏ 
פםםםםםטםםםם 
100136 םם םםםםם 


ה 630 םם םםם HOP‏ 


OY 75-9.0x 7.5-8.5x 7.4-‏ ב ב בב םםם.םםםםםםםם 


O [] 2.9-5.5x 2.9-5.6x 28-58 mm] םהה ה‎ HD BO םח‎ 
.ה ה הַהםםהםםםםםםם.‎ 8 


























































































































































































































































































































1[] םםםםםםםםםםםםםםםםם םםםם‎ 61 
שתם‎ 0x0) (1 DD D 
Size (Lx Wx T) Micromorphological features of seed coat Figure 
(um) 
4.5-6.5% 3.0-50% [] [] ; [] 7 ו‎ []. O 27, 30 
3.5-5.5 [] 
Seed-coat sculpture foveolate, foveola nearly rounded, seed-coat surface smooth with 
slight parallel stripes, epidermal cell with pronounced borderline. 
3.5-5.4X 3.5-5.5x  [] חם.‎ . 25 um, O 36 
3.5-5.5 Seed-coat sculpture fine striate, with fine parallel stripes, space between stripes ca. 25 
um, epidermal cell with pronounced borderline. 
7.5-9.0% 7.5-8.5x D ג‎ [] e ; 
7.4-8.5 Seed-coat sculpture foveolate, foveola nearly rounded, seed-coat surface smooth, 


4.3-6.5X % 4% 
4.2-6.5 


3.5-5.5X 2.8-4.8X 
2.8-5.0 


4.8-7.0X 5.0-7.5X 
4.9-7.5 


[e 

2 
= 
a 
o 
5 
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cell with sunk borderline. 
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ine. 

















[] D. 









































| ב‎ AME 
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uadrate and relatively small. 

















































































































15 um 

















-coat sculpture fine striate, epidermal cell nearly rectangular in shape and with 


-coat sculpture reticulate, muri smooth with irregular breadth, lumina nearly 


Seed-coat sculpture fine striate, with fine parallel stripes, space between stripes ca. 


15 um. 


OOOOOOOOOOOOOOOOOOOOOOGO 





OU Koyama(1960)] 00. OOOOOOOOOOOOOOOAO 
2.2.1 [| O [D sect. Coprosmanthus Torrey ה‎ 30 1000000000000000 
000000. 00000000. םםטםם הםםםםםטםםםםםםם‎ um O 
בםםםםםםםם םםםםהםם.םםםהםםםםםםםםםהםםםםםםםםם‎ 
000.000003 eunt s ^enaceat] סםם.םםםםםהםםהםהה‎ 


Dug.agupaüpggdg.dgggig25um DD BD DOUDUODUOLUU 


222 OOO sect. China T. Koyama הה‎ 130 000000000000000 0 











מםםםםםםםםםהםטםםםםםםםםםם הםםםםםםםםהםםטם ,)717 
O00000. 0000100 um, QOO047700000000:00000.000‏ 
מםםםםםהםםהםםםםםםםםםםםםםםםםםםםםם; םםםם.םם 
DUDU‏ הםםםםטטהםםםםםםםםםםםם םםםםםםםטםםםם 
פםםםםםםםם:םםםם.םם 

223 OOOO sect. Coilanthus A. DC [O 160 1O00 00000000000., D. D] 
הםםםםםםםםםטהםםםטםםםםםםםםםםם‎ DUDU 5. 180000 
םםםםם םםםם םםםםם‎ 00000000 D d 2023000000000 
םםםםם םםםםטםםםםםהםםםטםםםם‎ UDUD. מםםםםםםםם‎ 
הםםםםםםםםםםםםםםםםםםםםם‎ NUNO DD O 
מםםםםשםםםטםםםםםםםםםם :ישםםםםםםםטםםםםםםםם‎ 
0 D U U 19,220 

2.2.4 UU [] sect. Macranthae Kunth ה‎ [] 120 3] 000000000000. OOO 
מםםםםםםםםםםםם םםשםםםםםםםםםםםםםםםםםםםםם‎ 
































TIT 


aay AMAA 


0 1-12 םםםםםםםםםםםםםםםםהה‎ 4,4. 00002,5. 0 0003,6. DD D 07,10. 0 D 08,11. 0 
0000912. 00000 


Figs. 1-12. SEM photographs of seeds and seed-coat in Smilacaceae. 1, 4. Ripogonum discolor F. Muell. 2, 5. 
Heterosmilax japonica Kunth. 3, 6. Smilax riparia A. DC. 7, 10. S. china L. 8, 11. S. biflora Siebold ex Miq. 9, 12. S. 


trinervula Miq. 





םםםםםםםםםםםםםםםםם םםםם 


TTE ד‎ 


M um 
5 3 e n | 
^ BOL 
1 T - 1 M N 1 
Pang a. et ANE | 
Ka i | | 
= ₪ - r e H 


el ELA rrr‏ הז 
LIS OTTEN 1 taky ANAS‏ ,25 


0 13-24 Q0 0000000000000000 13,16. DON D 014,17. O D] D 0O 015,18. 0 D] D] 2 


OOOO 0 20,23. 000002424. 00000 

Figs. 13-24. SEM photographs of seeds and seed-coat in Smilacaceae. 13, 16. S. polycolea Warb. 14, 17. S. 
glauco-china Warb. 15, 18. S. tsinchengshanensis Wang. 19, 22. S. hayatae T. Koyama. 20, 23. S. aberrans Gagnep. 21, 
24. S. bockii Warb. 





~m 
LLLLLE 


025-36 O0 0000000000000000 25,28. 000002629. 000 0 027,30. 0000031. D] 
000032. (0000033. 0O000034.0000035. 0000036 0000 

Figs. 25-36. SEM photographs of seeds and seed-coat in Smilacaceae. 25, 28. S. lanceifolia Roxb. 26, 29. S. 
chapaensis Gagnep. 27, 30. S. perfoliata Lour. 31. S. macrocarpa Bl. 32. S. setiramula Wang & Tang. 33. S. lunglingensis 
Wang & Tang. 34. S. cocculoides Warb. 35. S. basilata Wang & Tang. 36. S. aspera L. 





65 םםםםםםםםםםםםםםםםם םםםם 10 





[(שםםםםםםםטםםםםםםםםםם:שםהםםםםםםהםםםםםםםם 
a‏ 000 3000 .27 ( םםםםםםהםהםהםםהפל טםםםםםהםםםםםםםם 
O 26,297 00000000.0000000000000000U0‏ 3500000 
מםםםםםםהםםהםםםםא.טםהםםטםהםםהםפפנכסשם 
0000000 ההלקהההה OOOO sect. Smilax (= sect. Eusmilax A. DC.)‏ 22.5 
aa OOOOOOOOOOOO.OOOOOOOOG‏ םהםםםםהםםםםםםם 
םםםנםםםםםםםםםםםםם םםםםטםםם;םםםםםםםםםם:ם 
HREF 000. 00000000N‏ .0000 .00000000 .00000 
O000000000‏ 23 
udaguybptusttuliuttbltluttb.LlubLlul.23.8-5.5x 4.3-6.6x 3.5-5.8 mm,‏ 
םם.םםםםם הםםםם הםםםםםםםםהםםםםםםםםםםםםםםם 
D O 60 um, DUDUODUDUD. 00000 U2 50‏ 
0000000000 24 
6.0-8.0x 5.8-7.6x 6.2-8.3‏ . ב ם ם :.בםםםם םםםםםםנוםםםםםם 
מםםםםםםםםהםםהםםםםםםםםםםםםם .0000 mmi O00000.‏ 
O0 120um OOO‏ .םםם:םםם םםםם>סםםםםםםםםםםםםם 
םםםםםםםםםםםםםםםם;םםםםם 











3 00 


8 רהה N00 0000000000. NON N00.‏ 
[שם.הםםםםםםםםםםםםטוםם םםםםםםםםםםםםםם 
מםםםםםםםםםטםםםנםםםםםםםםםםםםםםםםםםםהםםפים 
.יס ההתהתההםםםם םםםםםםםםםםםםםםםם.ם 
מםםםםםםםםהםםטםםםםםםםםםםטםםםםםםםםםםם 

הםםםר םה םםםםםםםםםםםםםםם הםםםםםםם 
DU‏ ר הרהה לםםםטםםםםםםםםםםםםםםםם 
0 
0 
0 








(DL EL EL OL DL C. DE D. CE CO. CE OI CE 7I CE 7 CI U 

D EL EL EL DT ET DE DI. LI D] 

(D E] D] D] D] Ripegonumt] O UU DUDU, Conranct985)(] 000000000 
םםםםםםםםם‎ Ripogonun] NONONO. םם.םםםםםםםטם‎ 
םבם.םםםםםםםםם‎ Ripogonaceae[] ; O00 0000000000000 
Philesiaceae[] [] O O E] E] 0 0 [ (Rudall et al., 2000; Vinnersten & Bremer, 2001; 
Cameron & Fu, in pres); DJO.OOOOOOOOOOOOOOOOOOO.OOOO 
UOOOOOOO (Chen etal, 2006)[] ] סםם.םםםםםהםםםם םהםההה‎ 
0000000000. בםםםםםםםםםהםםםםםםםםםםםםםםםםם‎ 
בםםםםםםםם שת םםםם םםטםםהםםטםםםםםםםםהםםנםםם‎ 
0. 00000000 
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ה ה ה ה‎ Ripogonum ....... Ripogonum discolor F. Muell. o— O O ו ו‎ 
O H yunnanensis Gagnep. Q Roughly rugulate 





OOOO Heterosmilax- | 


0o00 
sect. Coprosmanth 
(Nemexia) 





DU 


sect. China 


3 
5 
ם 
ם 
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000g 


sect. Coilanthus 





O00 


sect. Macranthae 


000g 


sect. Smilax 
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oo בת‎ = = C3 = כ = כ‎ E71 L7] ב‎ L7] E71 L7] E71 L7] L7] C7 L7] C71 L7] C71 L7] C71 ₪2 E71 = C71 C7 C71 C3 C71 C21 C7 C3 C71 C71 L7] C7 [71 C71 E71 C71 ב‎ C71 E71 71 ב‎ EI C71 C71 C7 C2 ב‎ 
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H‏ 
H‏ 
H‏ 
H‏ 
H‏ 
H‏ 
H‏ 
O‏ 


oo Lr 


בם 


בם 


בם 


בם 


H japonica Kunth Q 
H chinensis Wang Q 
S. nipponica Miq. 0 
S. riparia A. DC. 0 
S. riparia var. acuminata 0 
S. herbacea L. Q 
S. sieboldii Miq. Q 
S. scobinicaulis C. H. Wright Q 
S. davidiana A. DC. 0 
S. china L. Q 
S. biflora Siebold ex Miq. 

S. trinervula Miq. 

S. ferox Wall. ex Kunth 

S. chingii Wang & Tang 

S. polycolea Warb. 

S. outanscianensis Pamp. 

S. discotis Warb. 

S. glauco-china Warb. 

S. nigrescens Wang & Tang ex Li 
S. stans Maxim. 

S. trachypoda Norton 

S. cyclophylla Warb. 

S. menispermoidea A. DC. 

S. tsinchengshanensis Wang 

S. corbularia Kunth 

S. hypoglauca Benth 

S. hayatae T. Koyama 

S. aberrans Gagnep. 

S. darrisii Lévl. 

S. mairei Lévl. 

S. microphylla C. H. Wright. 

S. glabra Roxb. 

S. myrtillus A. DC. 

S. bockii Warb. 

S. nervo-marginata Hayata 

S. narvo-marginata var. liukiuensis 
S. lanceifolia Roxb. 

S. lanceifolia var. impressinervia 
S. lanceifolia var. elongata 

S. lanceifolia var. lanceolata 

S. chapaensis Gagnep. 

S. hemsleyana Craib 

S. macrocarpa Blume 

S. aspericaulis Wall. ex A. DC. 

S. cocculoides Warb. 

S. basilata Wang & Tang 

S. lunglingensis Wang & Tang 

S. planipes Wang & Tang 

S. densibarbata Wang & Tang 

S. setiramula Wang & Tang 

S. perfoliata Lour. d 
S. polycephala Wang & Tang d 
S. aspera L. o 
S. rotundifolia Bello 0 
S. pumila Walter d 


type 


DU 
Rugulate type 


מםםם 


Fine reticulate 
type 


Du 


Reticulate type 
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N ooo 


0000 


Fine striate 
type 


O) S. australis R. Br. o 
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Fig. 37. The microstructural features of seed surface corresponding to the sections of Smilax in Smilacaceae. 
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U DU BU D B D U D de Candolle(1878)] OOO OO DH] D. U O [Koyama(1984)[] O O 
סםםםר רררהההההההםםםםםםםםם .200 םםם םםםם‎ 
םםםםהםהםםםםםםםםםםםם‎ Cheng 20060 םםםםםםםםםםםםם‎ 
סםםםםםםהההםהםהםםםםהםםםםםם הםהםםםםםםםםםםםם‎ 
הםםםםםםםםםםם‎ DD NDN NDN DN. סםםםםםםר‎ 
םםםםם‎ UDDUDDUDUDDUDUUDUDUODUDUODUDDUUDUDUUDUDUUIU 
םםםםםםם‎ (Chen et al., 2006), סםםםםםםםםם הםםםםםהםםםטהה‎ 
םם םםםםםםםםםםםם‎ DUDU Cameron & Fu, 2006), VHOUOUOUUUUO 
N00 00000. (00 NON 000:-:000 0000000000 DN DN 
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בםםםםםםם>םשםםטםםםםנםםטםםםם ‏ םםםםםםםםםםם 
Koyama(960)] [ [I U LU‏ ב VOODOO‏ םםםםםםםם םםםםםםםםם 
III sect. Pleiosmilax[] [] 0 O [] sect. Smilax O O [] sect.‏ :00006000 
Macranthae[] [] 0 O O sect. Coilanthus[] [] [] [] sect. China] O [] [] sect. Coprosmanthus[]‏ 
בםםםםםםפםםם הםםהםםהםהםהםםםהםטםטם הה<הטאםםםםםםםם 
DOOOOOOOOOOOOOOOOO.OOOOA‏ אא םםםםטםםם.הם 
בםםםםםםהםםהםםםםםםםםם:שםםםםטםםםםםםםם.ם 
בםםםםםםהםםםהםםהםםםםםם .00000000000000 
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